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INTRODUCTION 
Th i s  bibl iography con ta ins  a l i s t i n g ,  ai ranged i n  a l p h a b e t i c a l  o rde r ,  of 
t he  papers which have appeared i n  t h e  e l e c t r i c a l  eng inee r ing  l i t e r a t u r e  per- 
t i n e n t  t o  t h e  s u b j e c t  of d i s t r i b u t e d  RC networks. I n  g e n e r a l ,  r e p o r t s  which 
are n o t  r e a d i l y  a v a i l a b l e ,  o r  which con ta in  material similar t o  t h a t  p re sen ted  
in well-known j o u r n a l s ,  have n o t  been l i s t e d .  
t he  case of a few widely r e fe renced  papers.  
each payer  fo l lows  t h e  b i b l i o g r a p h i c  da t a .  
An except ion has  been made i n  
A s h o r t  summary of t h e  con ten t  of 
A l i s t i n g  of t h e  j o u r n a l s  searched fol lows:  
IEEE Transact ions on C i r c u i t  Theory, vo l .  CT-5 (1953) t o  vo l .  (2-15 
(June 1968). 
IEEE I n t e r n a t i o n a l  Convention Record, vo l .  6 (1958) t o  vo l .  15 (1967). 
I E E E  I n t e r n a t i o n a l  Convention Record ( C i r c u i t  Theory),  v o l .  6 (1958) 
t o  vo l .  15 (1967). 
I E E E  Proceedings,  vo l .  46 (1958) t o  v o l .  56 (Nay 1968). 
Proceedings of t h e  Nat ional  E l e c t r o n i c s  Conference, v o l .  1 4  (1958) t o  
V O l .  23 (1967). 
Proceedings of t h e  A l l e r t o n  Conference on C i r c u i t  and System Theory, 
1st (1963) t o  5 t h  (1967). 
Proceedings of t h e  Midwest Symposium on C i r c u i t  Theory, 6 t h  (1963) t o  
10 th  (1967). 
E l e c t r o n i c s  Letters, vol. 1 (March 1963) t o  vol. 4 (May 17 ,  1968). 
Proceedings - of t h e  F i r s t  Asilomar Conference on C i r c u i t s  and S y s t e m ,  
(1967) . 
I n  a d d i t i o n  to  t h e  papers  l i s t e d  i n  t h e  bibl iography,  t h e r e  are c u r r e n t l y  
a v a i l a b l e  two books which c o n t a i n  a s i g n i f i c a n t  amouht of material concerning 
d i s t r i b u t e d  c i r c u i t s .  These are: 
CHIRLIAN, P .  M. I n t e g r a t e d  and Active Network Analysis and Syn thes i s ,  
P ren t i ce -Ha l l ,  Inc . ,  Englewood C l i f f s ,  N. J . ,  1967. 
GHAUSI, M. S., J. J. Kelly.  I n t r o d u c t i o n  t o  Distr ibuted-Parameter  
Netvorlcs I i o l t ,  i i inehart  and Winston, i nc . ,  New York, 1966. --’ 
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E I ELIOGRAPHY 
BARKER, D. G.  "Synthesis  of Active F i l t e r s  Employing Thin F i l m  D i s t r i b u t e d  
Parameter Networks,'' I E E E  I n t e r n a t i o n a l  Convention Record, P a r t  7, 
p p .  113-226, xar. 1965, vel.  l 3 =  
F i l t e r  s y n t h e s i s  using He ize r ' s  technique (1963) t o  o b t a i n  
networks wi th  r a t i o n a l  t r a n s f e r  func t ions  is  presented.  
BERGCR, H. "Generalized Non-Uilfform Transmissizn L h e s  , I '  I F E E  Trans. on C i r c u i t  
Theory, v o l .  CT-13, pp. 92-93, Mar. 1966, 
problems which inc ludes  t h e  gene ra l i zed  e x p o n e n t i a l  and b e s s e l  
l i n e s  as s p e c i a l  cases is discussed. 
A procedure f o r  gene ra l i z ing  non-uniform transmission l i n e  
BERTIKOLLI, E.C. ,  C. A.  Hal i j ak .  "Di s t r ibu ted  Parameter RC Network Analysis ,"  
I E E E  I n t e r n a t i o n a l  Convention Record, P a r t  7, pp. 243-249, Mar. 1966. 
a r e  obtained by m u l t i p l i c a t i o n  of t r ansmiss ion  matrices of s m a l l  
s e c t i o n s  of t he  l i n e .  
Transmission parameters of an a r b i t a r i l y  tapered RC l i n e  
BERTINOLLI,  E .  C. "Analysis of t h e  n-Wire Exponent ia l  Line, ' '  Proc. of I E E E ,  
V O ~ .  5 5 ,  p .  1225, J u l y  1967. 
An approach t h a t  provides t h e  d i s t r i b u t e d  network's t r ans -  
f e r  ma t r ix  i n  a form u s e f u l  f o r  both t r a n s i e n t  and s t eady  s ta te  
ca l cua t ions  is  used t o  analyze t h e  n-wire exponen t i a l  l i n e .  
- EHATTACIIARY'YA, E .  B . ,  J .  G. Giguere, M. N .  S. Swascy. "Driving P o i n t  Function 
Syn thes i s  Using Uniform Transmission Lines ,"  Proc.  of IEEE,  vol.  56, 
pp. 668-869, May 1966. 
I t  is  shown t h a t  t he  two classes of d r i v i n g  p o i n t  func t ions  
r e a l i z e d  by Wyndrum (1963) and by O'Shea (1965),  u s ing  uniform 
transmission l i n e s ,  are i d e n t i c a l  and f u r t h e r  t h a t  t h e s e  d r i v i n g  
p o i n t  func t ions  may a lways  be ca'scade synthesized.  An alterna- 
t i v e  s e t  of necessary and s u f f i c i e n t  cond i t ions  f o r  t h i s  class 
of d r i v i n g  p o i n t  func t ions  is  given.  
BUTTACUARYYA, B. B., M. N. S. Swamy. ' y n t e r r e l a t i o n s h i p s  Among t h e  Chain Matrix 
Parameters of a Non-Uniform Transmission Line,"-Proc.  i f  IEEE, vol. 55, 
pp. 1763-1764, O c t .  1967. 
It  is shown t h a t  t h e  chain matrix parameters of a nontudi- 
form t r ansmiss ion  l i n e  are r e l a t e d ,  and t h a t  knowing any one of 
them, t h e  o t h e r  t h r e e  may be determined. 
BBATTAWBRYYA, B. E . ,  M. N, S. Swamy, V. Ramachandran. "Representat ion of Non- 
Uniform Hyperbolic Class of R C G L i n e s  by Unitorm Lines," Proc.  of NEC, 
~ 0 1 . 2 3 ,  pp. 194-198, Oct. 1967. 
For a g e n e r a l  class of non-uniform RCG l i n e s  wi th  hyper- 
b o l i c  s o l u t i o n s ,  the Y and Z parameters  have been expres s  i n  
terms of those of a uniform RCG l i n e .  
I 
I 
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BOLRQUIN, J. J . ,  T. N .  Tr ick .  " S t a b i l i t y  of D i s t r i b u t e d  RC Networks," Tenth 
Midwest Symposium on C i r c u i t  Theory, Conference Record, Paper 
May 196/ .  
networks wi th  uniform RC l ines included.  
S t a b i l i t y  cr i ter ia  are presented  f o r  l i n e a r ,  t ime- invar ian t  
BRAUN, J . ,  M. Novak. "Active Di s t r ibu ted  RC Network,'' E l e c t r o n i c s  Letters, v o l .  3, 
pp. 435-436, Sept .  i967. 
e f f e c t  p r o p e r t i e s  wi th  a d i s t r i b u t e d  RC network. 
of t he  admit tance ma t r ix  is carried o u t ,  and t h e  l o c a t i o n  of t h e  
dominant po le s  and zeros  is discussed. 
A new type of a c t i v e  network is  in t roduced ,  combining f i e l d  
The a n a l y s i s  
BROWN, F. "Flow Graphs and Tapered Transmission Lines ,"  Proc.of IRE, vo l .  49, 
Flow graph theory is  appl ied  t o  t h e  a n a l y s i s  of non-uniform 
pp. 1696, Nov. 1961. 
RC l i n e s .  
CASTRO, P. S.  "RC d i s t r i b u t e d  Parameter Network wi th  C i r c u l a r  Geometry," Proc.  of 
I_ NEC, v o l .  19,  pp. 98-106, O c t .  1963. 
f o u r  t e rmina l  network wi th  c i r c u l a r  geometry is der ived .  
The i n d e f i n i t e  admittance matrix of t h e  R-C-nR, d i s t r i b u t e d  
CASTRO, P. S . ,  W .  W.  Happ. "Dis t r ibu ted  Parameter C i r c u i t s  and Microsystem Elec- 
t ron1cs ; 'Proc .  of N E C ,  vo l .  16, pp. 448-460, O c t .  1960. 
The i n d e f i n i t e  admittance matrix of t h e  uniform d i s t r i b u t e d  
- f o u r  t e rmina l  R-C-NR network is derived.  
CHANG, F. Y., 0. Wing. "Uniform Multi-Layer RC D i s t r i b u t e d  Networks," Proc.  of - F i f t h  Annual A l l e r t o n  Conf., pp. 290-299, Oct. 1967. 
The canon ica l  forms of the network func t ions  of a multi-  
l a y e r  RC d i s t r i b u t e d  network are obta ined  and expressed i n  terms 
of t h e  e igenvalues  of a c e r t a i n  "time-constant matrix ' ' .  
vo l t age  t r a n s f e r  func t ion  is  found t o  have a low, h igh ,  o r  band- 
pas s  c h a r a c t e r i s t i c  wi th  an  abso lu te  va lue  poss ib ly  g r e a t e r  than 
u n i t y  over  a range of f requencies .  
The 
COMPTON, J. B, W. W.  Happ. "A Practical D i s t r i b u t e d  Parameter  Active F i l t e r , "  
Proc. of Eighth Midwest Symposium on C i r c u i t  Theory, F o r t  C o l l i n s ,  Colo- 
rd5,  pp. 29-0 t o  29-20. 
The s e l e c t i v i t y  of s e v e r a l  types  of d i s t r i b u t e d  parameter  
n u l l  networks is determined f o r  n u l l  and o f f  n u l l  condi t ions .  
CULVER, H. E . ,  C. E. Gane. "Active Distr ibuted-Parameter  Thin Film Networks," 
Proc.  IEEE, vol .  51, pp. 1034-1035, J u l y  1963. 
quency modulation of phase s h i f t  o s c i l l a t o r s  us ing  RC l i n e s  i s  
d i e  cussed. 
The use of an act ive (semiconductor) resistive f i l m  f o r  f r e -  
DICKER, D; "Analysis of Di s t r ibu ted  Parameter Networks - A General  Method," 
Proc.  of Thi rd  Annual Al le r ton  Conf., pp. 144-150, O c t .  1965. 
works us ing  t h e  Bubnov-Galerkin method is presented .  
A very t e c h n i c a l  mathematical  a n a l y s i s  of  d i s t r i b u t e d  net- 
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DUTTA ROY, S.  C. "On Some Three-Terminal Lumped and Di s t r ibu ted  KC Nul l  Networks , I '  
I E E E  Trans.  on C i r c u i t  Theory, vo l .  CT-11, pp. 98-103, Mar. 1964. 
networks wi th  t h e i r  t apered  d i s t r i b u t e d  coun te rpa r t s  i s  given. 
A d e t a i l e d  comparison of va r ious  lumped t h r e e  t e r m i n a l  n u l l  
DUTTA ROY, S .  C. "Notch Networks Using D i s t r i b u t e d  RC Elements," Proc.  of I E E E ,  
vo l .  54, pp. 1220-1221, Sept .  1966. 
a t t e n t i o n  being given t o  figure of merit. 
Notch networks cf var ious  t y p e s  are disciisszd v i t h  -=----- cnot-qal 
DLTTA ROY, S .  C . ,  B .  A. Shenoi. "Transient  and Frequency Response of t h e  D i s t r i -  
buted RGC Network," E lec t ron ic s  Letters, voi. 2,  p p .  60-61, Pe5. 1966. 
C h a r a c t e r i s t i c s  of an RC l i n e  wi th  d i e l e c t r i c  leakage ,  are 
presented .  
DUTTA ROY, S.  C. "Discussion of 'Tapered D i s t r i b u t e d  RC Lines  f o r  Phase S h i f t  
O s c i l l l a t o r s ' " ,  Proc.  of IRE, v o l .  50, pp. 482-483, Apr. 1962. 
S h i f t  O s c i l l a t o r s , "  Proc.  of IRE, vo l .  49, pp. 1021-1024, June  
1961. 
See: W. A. Edson, "Tapered D i s t r i b u t e d  RC Lines  f o r  Phase 
EDSON, W .  A .  liTapered D i s t r i b u t e d  RC Lines  f o r  Phase S h i f t  O s c i l l a t o r s , "  Proc.  
of IRE, vo l .  49, pp. 1021-1024, June 1961. 
is discussed.  
pp. 482-483, Apr. 1962. 
Design of O s c i l l a t o r s  using exponen t i a l ly  tapered  RC l i n e s  
Note: See comment by S. C. Dut ta  Roy, Proc. of IRE, v o l .  50, 
EKSTROM, J. L.  "The 2 Matrix Parameters of Tapered Transmission Lines ,"  IRE on 
Trans.  on C i r c u i t  Theory, vol.  (3 -9 ,  pp. 132-135, June  1962. 
tapered  t ransmiss ion  l i n e s  i s  presented .  As an example t h e  Z 
parameters  f o r  t h e  "Generalized Transmission Line" are found. 
An improved method of computing t h e  Z parameters  of 2-port 
EKSTROM, J. L .  "On t h e  Trans fe r  Impedances of Non-Uniform Transmission Lines  ,I' 
- IRE Trans.  on C i r c u i t  Theory, vo l .  PGCT-8, p. 360, Sept .  1961. 
impedance under va r ious  load cond i t ions  is i l l u s t r a t e d .  
T rans fe r  impedance c a l c u l a t i o n  from knowledge of i n p u t  
FU, Y.,J.  S. Fu. "N-Port Rectangular-Shaped D i s t r i b u t e d  RC Networks," IEEE Trans. 
on Circuit Theory, vo l .  CT-13, pp. 222-225, June 1966. 
r e c t a n g u l a r  s t n i c t u r e  is developed as an n-port w i t h  r a t i o n a l  
s h o r t  c i r c u i t  admit tances  . 
Extending t h e  work of Beizer (1963) t o  the n-port  case, a 
FU, Y . ,  J. S. Fu. "Synthesis  of Active D i s t r i b u t e d  RC Networks," IEEE Trans.  on 
C i r c u i t  Theory, v o l .  CT-13, pp. 259-254, Sept .  1966. 
A g e n e r a l  method of s y n t h e s i s  of any r a t i o n a l  open c i r c u i t  
t r a n s f e r  func t ion  using two d i s t r i b u t e d  RC networks, NIC, and a 
lumped c a p a c i t o r  i s  presented.  
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GAY, M. J.  " S e l e c t i v i t y  of Notch F i l t e r s  Using Non-Uniform RC Lines," E l e c t r o n i c s  
Letters, vo l .  1, pp. 293, Dec. 1965. 
is given. 
A d e f i n i t i o n  of s e l e c t i v i t y  f o r  d i s t r i b u t e d  notch f i l t e r s  
GHAUSI, M. S . ,  G .  J. Ilerskowitz. "The Trans i en t  Response of Tapered D i s t r i b u t e d  
I RC Networks," I E E E  Trans.  on C i r c u i t  Theory, vol. CT-10, pp. 443-445, 
Sept .  1963. 
a r b i t r a r i l y  t ape red  d i s t r i b u t e d  networks may be  c a l c u l a t e d .  
A method is p resen ted  whereby t h e  delay and rise t i m e s  f o r  
GHAUSI, M. S.,G. J. Herskowitz. "The E f f e c t  of Shzping and Loading on D i s t r i b u t e d  
RC Networks," J o u r n a l  of t h e  F rank l in  I n s t i t u t e ,  vo l .  278, pp. 108-123, 
Aug. 1964. 
and frequency response of d i s t r i b u t e d  RC networks are examined 
a n a l y t i c a l l y  and experimental ly .  
The e f f e c t s  of network shaping and load ing  on t h e  t r a n s i e n t  
GIGUERE, J .  C. ,  M. N .  S. Swamy, B. B. Bhattacharyya. "Driving P o i n t  Immittance .. 
Syn thes i s  Using Exponent ia l  Lines ," Proc, of F i t h  Annual A l l e r t o n  Conf . 
pp. 263-267, Oct. 1967. 
Syn thes i s  of i r r a t i o n a l  d r i v i n g  p o i n t  immittances us ing  
e x p o n e n t i a l  RC l i n e s  is presented.  
GIGUERE, J. C. ,  M. N. S .  Swamy, B. B. Bhattacharyya. "Driving P o i n t  Function 
Syn thes i s  Using Tapered RC Lines and T h e i r  Duals," Proc.  of t h e  F i r s t  
Asilomar Conference on C i r c u i t s  and Systems, pp. 309-317, Nov. 1967. 
l i n e s  connected i n  cascade are  used t o  s y n t h e s i z e  c e r t a i n  
classes of i r r a t i o n a l  funct ions as d r i v i n g  p o i n t  func t ions .  
Composite l i n e s  composed of v a r i o u s  types  of non-uniform 
GOOGE, J. M., K. L. Su. "The Double-Kelvin Transmission Line and Some Applica- 
t i o n s , "  IEEE Trans. on C i r c u i t  Theory, v o l .  (3-11, pp. 372-377, Sept .  1964. 
is  introduced.  The Z ma t r ix  of t h e  l i n e  i s  de r ived ,  and a p p l i c a t  1 
t i o n  as a notch f i l t e r  i s  considered. 
A new type of RC d i s t r i b u t e d  l i n e ,  w i th  two resistive l a y e r s ,  
GOUGH, K. J. "Tapered RC Networks with R a t i o n a l  Admittances," IEEE Trans. on 
Circuit Theory, vol. CT-15, pp. 81-87, Mar. 1968. 
It is shown t h a t  i f  the capac i t ance  of any d i s t r i b u t e d  RC 
network is s u i t a b l y  d iv ided  between two o r  more conductors 
rational admittances are obtained. The p o s s i b l e  p o l e  p o s i t i o n s  
of the rational t r a n s f e r  func t ions  are shown t o  be t h e  z e r o s  
of t h e  d r i v i n g  p o i n t  impedance of t h e  p ro to type  network from 
which t h e  d iv ided  conductor is derived.  
GOUGH, K. J., R. N. Gould. "Non-Uniform RC and Loseless Transmission Lines ,"  
IEEE Trans.  on C i r c u i t  Theory, vo l .  CT-13, pp. 453-454, Dec. 1965. 
A new method i s  presented f o r  f i n d i n g  a l l  RC l i n e s  which 
have e x a c t l y  s o l v a b l e  d i f f e r e n t i a l  equa t ions .  
6 
GRUNER, 
GRUNER, 
GRUNER, 
L. "The Steady-State  C h a r a c t e r i s t i c s  of Non-Uniform RC D i s t r i b u t e d  
Networks and Loss l e s s  Lines ,"  I E E E  Trans.  on C i r c u i t  Theory, vo l .  CT-12, 
pp. 241-247, June 1965. 
Two a u x i l l i a r y  func t ions  are in t roduced  t o  compare t h e  
s t eady- s t a t e  c h a r a c t e r i s  tics of va r ious  non-unif orm RC d i s -  
t r i b u t e d  networks. 
L. "LumDed Parameter Analogues of Non-Uniform RC D i s t r i b u t e d  Networks 
and Lossiess Transmission Lines , I t  E l e c t r o n i c s  L e t t e r s  , v o l .  2 , pp. 58-59, 
Feb. 1966. 
Analogues of RC l i n e s  a r e  deduced, and t h e i r  chain para- 
meters are expresned i n  terms of t h e  s o l u t i o n s  of t h e  a s soc i -  
a t e d  d i f f e r e n c e  equat ions.  
L. "Two p o r t  Parameters of Non-Uniform D i s t r i b u t e d  S t r u c t u r e s  and T h e i r  
Asymptotic P r o p e r t i t i e s  ,'I XEEE Trans. on C i r c u i t  Theory, vo l .  CT-14, 
pp. 420-422, Dec. 1967. ~. 
An a p p l i c a t i o n  of t h e  Youla technique ( IEEE Trans.  on C i r -  
c u i t  Theory, Sept .  1964) i s  used t o  o b t a i n  expres s ions  f o r  t h e  
2-port parameters of non-uniform l i n e s  s u i t a b l e  f o r  numerical  
i n t e g r a t i o n  as w e l l  as low and high frequency approximations.  
HAPP, W. W. "Synthesis  of D i s t r i b u t e d  Parameter RC Networks," Proc.  of IRE, 
v o l .  50, pp .  483-484, Apr. 1962. 
Various p o s s i b i l i t i e s  of s y n t h e s i s  u s ing  network shaping 
are i n v e s t i g a t e d .  
- HAPP, W .  W . ,  S .  C. Gupta. "Reciprocal T i m e  Domain Analysis  of D i s t r i b u t e d  N e t -  
. 
works," Proc. of Fourth Annual A l l e r t o n  Conf., pp. 849-857, Oct. 1966. 
r e s u l t s  i n  a spectrum of Poisson de r ived  f u n c t i o n s  i n  t h e  
r e c i p r o c a l  t i m e  domain. 
g a t e  t r a n s i e n t  response of d i s t r i b u t e d  networks. 
I t  is shown t h a t  f o r  RC s t r u c t u r e s  t h e  impulse response 
The technique is used t o  i n v e s t i -  
HAF'P, W.  W., F. A. Lindhoilm. "Design Charts f o r  t h e  T r a n s i e n t  Response of R-C 
HEIZER, 
HEIZER, 
Dist r ibuted-Parameter  Networks," Proc. of F i r s t  Annual A l l e r t o n  Conf. , 
pp. 171-190, NOV. 1963. 
Design c h a r t s  f o r  RC d i s t r i b u t e d  networks based upon 
d e s i r e d  t r a n s i e n t  response are cons t ruc t ed  by using a lumped 
model f o r  t h e  network. 
K. W. 
T r a n s .  on C i r c u i t  Theoq, vol .  CT-9, pp. 356-362, Dec. 1962. 
Construct ion of d f s t r i b u t e d  RC l ines  t o  have a ra t ional  
s h o r t  c i r c u i t  t r a n s f e r  admittance and one r a t i o n a l  s h o r t  cir- 
c u i t  d r i v i n g  p o i n t  admittance is  p resen ted .  
" D i s t r i b u t e d  RC rjetworks wi th  R a t i o n a l  T r a n s f e r  Functions," IRE -
K.  W.  "Rat ional  Parameters with D i s t r i b u t e d  Networks," I E E E ,  Trans.  on 
C i r c u i t  Theory, v o l .  CT-10, pp. 531-532, Dec. 1963. 
f l e x i b i l i t y  is  introduced.  
A mod i f i ca t ion  of Heizer 's  ear l ier  s t r u c t u r e  t o  i n c r e a s e  
i 
t 
I 
7 
I * 
HELLS TROM, M. J. ,  J. Pear . "Comments on 'Symmetrical RC D i s t r i b u t e d  Networks, '"  
-- Proc. of IRE, v o l .  50, pp. 2130-2131. 
Proc.  of IRE. V O l .  5 0 ,  pp. 97-98, Jan.  1962. 
See:  M. J. Hel ls t rom, "Symmetrical RC D i s t r i b u t e d  Networks ," 
IiELLSTROM, M. J. "A New Class of Di s t r ibu ted  RC Ladder betworks," Proc.  of IRE, 
vo l .  50, pp. 1989-1990, Sept .  1962. 
of which the  "Gerieralized Exponent ia l  Class" is a subcategory.  
In t roduc t ion  of a ' Generalized nyperboi ic  Ciass" of i i n e s ,  
HELLSTROM, >I. J. "Symmctxical RC D i s t r ibu ted  Networks," Proc.  of I R E ,  vo l .  50,  
pp. 97-98, Jan .  1962. 
mental  r e s i s t a n c e  be  p ropor t iona l  t o  incrementa l  capac i tance  t o  
have a symmetrical  network. 
It  is  shown t h a t  i t  is necessary and s u f f i c i e n t  t h a t  incre-  
HELLSTROM, M. J. "Equivalent  D i s t r ibu ted  RC Networks or Transmission Lines  , I t  
IRE Trans.  on C i r c u i t  Theory, vo l .  CT-9, pp. 247-251, Sep t .  1962. 
RC networks a l l  of which provide t h e  same e l e c t r i c a l  performance. 
A method is presented  t o  c a l c u l a t e  equ iva len t  d i s t r i b u t e d  
JACOBS, I. "A Genera l i za t ion  of t h e  Exponent ia l  Transmission Line," Proc.  of IRE, 
v o l .  47 ,  pp. 97-93, Jan.  1959. 
The exponen t i a l  l i n e  i s  presented as a spec ia l  case of a 
g e n e r a l  c l a s s  of exponen t i a l  l i n e  cha rac t e r i zed  by series i m -  
pedance p e r  u n i t  l ength  Z(x) and shun t  admit tance p e r  u n i t  
l eng th  Y (x) . 
The g e n e r a l  exponen t i a l  l i n e  i s  def ined  by 
1 8 I n  K(x) 
r(5;) ax 
where K(x) = JZ(x)/Y(x), r ( x )  = h(x)Y( l i )  
KARNIK,  A. R . ,  G.  H. Cohen. "Optimal Design of D i s t r i b u t e d  Parameter Systems,'' 
Froc. of 10 th  Midwest Symposium on C i r c u i t  Theory, Paper 11-2, pp. 1-9, 
May 1967. 
v a r i a t i o n a l  ca l cu lus  is introduced.  The method of s o l u t i o n  is 
based upon the  g r a d i e n t  technique. 
A method of opt imal  design of d i s t r i b u t e d  RC l i n e s  us ing  
KAUFMAN, W. M. "Theory of a Monoli thic  N u l l  Device and Some Novel C i r c u i t s , "  
Proc.  of IBE, vol. 48, pp. 1540-1545, Sept .  1960. 
n u l l  device.  
and examples are given.  
butec! 
The RC d i s t r i b u t e d  network is in t roduced  as an e f f e c t i v e  
Analysis  is made us ing  a lumped equ iva len t  model, 
, Comparison is made between a d l s t r i - ,  
bridged-T and a lumped element equiva len t .  
KAUFMAN, W .  M.,  S.  J. Garrett. "Tapered D i s t r i b u t e d  F i l t e r s , "  IRE Trans.  on C i r -  
The c h a r a c t e r i s  tics of unif o m ,  exponen t i a l ly  tapered ,  
c u i t  Theory, vo l .  CT-9, pp. 329-336, Dec. 1962. 
and l i n e a r l y  tapered  d i s t r i b u t e d  networks used as notch 
f i l t e r s  are ex tens ive ly  inves t iga t ed .  
i 
KELLY, J. J . ,  M. S .  G l i a u s i .  "On t h e  E f f e c t i v e  D o m i  a n t  Po l  
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of t h e  D i s t r i b u t e d  
RC lietworks," J o u r n a l  of t he  F rank l in  I n s t i t u t e ,  vo l .  279 ,  pp. 417-429, 
June 1965. 
The  concept of t he  e f f e c t i v e  dominant p o l e  of a d i s t r i b u -  
ted  RC network is  developed. Key f e a t u r e s  of t he  s t eady- s t a t e  
and t r a n s i s e n t  response such as  bandwidth, r ise  t i m e ,  and t i m e  
delay may be c lose ly  approximated wi th  minimal e f f o r t .  
KELLY, J. J . ,  M. S.  Ghausi. "Tapered D i s t r i b u t e d  RC Networks wi th  S i m i l a r  Immit- 
It is  shown t h a t  t h e  uniform, exponen t i a l ,  hyperbol ic ,  
t ances ,"  IEEE Trans.  on C i r c u i t  Theory, vo l .  (3-12, pp. 554-558,  Dec. 1965. 
t r i g o n o z e t r f c  a i d  sqiiare tzpered l i nea  are iiiieiiibers of the Sam 
class of network, wi th  s h o r t  c i r c u i t  admit tance parameters 
g iven  by a s i n g l e  set of equat ions .  
KELLY, J. J . ,  M. S .  Ghausi. "Steady-State and Trans ien t  Response of A r b i t r a r i l y  
Tapered D i s t r i b u t e d  RC Networks wi th  Lumped Load Terminations , I 1  Proc. of 
- NEC, V O ~ .  2 1 ,  pp. 125-130, Oct. 1965. 
3DB f requency,  rise t i m e  and delay t i m e  of a r b i t r a r i l y  tapered  
d i s t r i b u t e d  RC networks. 
A s imple  approximation is used t o  o b t a i n  express ions  f o r  t h e  
KERWIN, W. J. "Synthesis  of Act ive RC Networks Containing D i s t r i b u t e d  and Lumped 
Elements," Proc.  of t h e  F i r s t  Asilomar Conference on C i r c u i t s  and Systems, 
pp. 288-298, Nov. 1967.  
a c t i v e  (DLA) networks is developed by determining a set of equi-  
v a l e n t  r a t i o n a l  p o l e  p o s i t i o n s  corresponding t o  t h e  ampli tude 
response of t h r e e  s p e c i f i c  DLA networks which toge the r  allow t h e  
r e a l i z a t i o n  of f i l t e r s  wi th  l e f t  h a l f  p l ane  po le s  and jo, axis 
zeros. 
e l l i p t i c  func t ion  low-pass f i l t e r  is giveli. 
A p r a c t i c a l  procedure f o r  s y n t h e s i z i n g  d i s t r i b u t e d ,  lumped 
An example of t he  syn thess s  of a 5-pole, 4 j w  axis  ze ro  
KLEINHEINS, S .  "Contr ibut ion t o  the  Syn thes i s  of D i s t r ibu ted  RC Networks ," Elec- 
tronics Letters-, v o l .  3, pp. 465-566, O c t .  1967. 
On us ing  a s p e c i a l  frequency t ransformat ion ,  a theorem on 
the  s y n t h e s i s  of uniformly d i s t r i b u t e d  RC networks i s  der ived.  
A network s e c t i o n  is introduced which ex tends  t h e  range of 
r e a l i z a b i l i t y  of t r a n s f e r  zeros. 
i 
KLEINHEINS, S. "Steepness of a Loaded Exponent ia l ly  Tapered D i s t r i b u t e d  RC Notch 
F i l t e r , "  E l e c t r o n i c s  Letters, vo l .  2, pp. 374-375, Oct.  1966. 
An exponential l i n e  f i l t e r  is s h a m  t o  have m a x i m u m  notch  
s t eepness  f o r  a f i n i t e  degree of t a p e r  when loaded by a source  
and load  r e s i s t o r .  
KLELNHELNS, S .  "Steepness of an Exponent ia l ly  Tapered D i s t r i b u t e d  RC Notch F i l t e r , "  
E l e c t r o n i c s  Letters, vol. 2, pp. 262-263, Ju ly  1966. 
v o l t a g e  t r a n s f e r  func t ion  of an exponen t i a l  l i n e  f i l t e r  approa- 
ches a f i n i t e  v a l u e  as t h e  taper  degree approaches i n f i n i t y .  
I t  is shown t h a t  the  notch s t eepness  of t h e  open-c i rcu i t  
9 
KRYKORKA, P. "Optimization of t h e  Cascade Syn thes i s  of D i s t r i b u t e d  RC Networks ," 
E l e c t r o n i c s  Letters,  vo l .  4,  pp. 69-70, Feb. 1968. 
A mod i f i ca i ton  of Wyndrm's method (1963) t o  minimize t h e  
r a t i o :  of maximum t o  minimum capaci tance o r  r e s i s t a n c e  of i n d i -  
v i d u a l  cascade s e c t i o n s  i s  introduced. 
KURSS,  H., W .  K. K a h n .  "A System of Non4Jniform Transmission Lines ,"  Proc.  of 
E, VEL.  4 9 ,  pp. 250, JZZ. 196Q. 
The n-rport g e n e r a l i z a t i o n  of a s i n g l e  t r ansmiss ion  l i n e  i s  
given. 
--.... s..,
L I N ~ U N ,  A. 2. "Transfer  C h a r a c t e r i s t i c s  of a Class of Distributed RC ?3etrderks," 
Proc. of I E E E ,  vo l .  53, pp. 62511626, June 1965. 
and hype rbo l i c  l i n e s  as a g e n e r a l i z a t i o n  of t h e  c h a r a c t e r i s t i c s  
of t h e  exponen t i a l  l i n e  are i n v e s t i g a t e d .  
T rans fe r  c h a r a c t e r i s  t ics  of t he  t r i gonomet r i c ,  p a r a b o l i c ,  
LINDHOLM, F .  A , ,  W. W. Happ. "Analysis of T r a n s i e n t s  i n  R-C D i s t r i b u t e d  Parameter 
A lumped model i s  used t o  determine t r a n s i e n t  behavior .  
Networks," Proc.  of F i r s t  Annual h l l e r t o n  Conf., pp. 148-170, Nov. 1963. 
The model is  j u s t i f i e d  i n  d e t a i l .  
W O L E S C U ,  A. "Single  T r a n s i s t o r  O s c i l l a t o r s  w i th  D i s t r i b u t e d  RC Networks," 
E l e c t r o n i c s  Letters, vol .  2 ,  pp. 151-152, Apr. 1966. 
Three s i n g l e  t r a n s i s t o r  o s c i l l a t o r s  w i th  uniform d i s t r i b -  
u t ed  RC networks are presented. 
NAGUMO, J. , S. Yoshizawa, S. Arimoto. "B i s t ab le  Transmission Lines ,"  IEEE Trans.  
on C i r c u i t  Theory, vo l .  CT-12, pp. 400-412, Sept .  1965. 
are analyzed i n  d e t a i l .  
r The c h a r a c t e r i s i  tics of a d i s t r i b u t e d  RC-tunnel diode l i n e  
OEHLER, K. L., W. C. Duesterhoeft ,  Jr. "A Graph ica l  Design for Exponent ia l ly  
Tapered RC C i r c u i t s , "  IEEE Trans. on C i r c u i t  Theory, vol. CT-12, pp. 288- 
290, June 1965. 
The geomet r i ca l  shape f o r  an exponen t i a l ly  t ape red  RC l i n e  
t ak ing  two dimension1 c u r r e q f l o w  i n t o  account is  given. 
O'SHEA, R. P. "Synthesis  of Driving Paint and T r a n s f e r  Funct ions Using D i s t r i b -  
u t e d  RC Networks," IEEE Trans.  on C i r c u i t  Theory, vo l .  CT-12, pp. 546-554,' 
Dec. 1965. 
* Syn thes i s  of d r i v i n g  point and t r a n s f e r  f u n c t i o n s  us ing  uni- '! 
form distributed RC networks is presented.  The t r ans fo rma t ion  I. 1 
I + P c o s h E  is used. . 
O'SHEA, R. P. "Synthesis  Using Dis t r ibu ted  RC Networks," I E E E  I n t e r n a t i o n a l  Con- 
ven t ion  Record, P a r t  ?, pp.  18-29, Mar. 1965. 
Driving p o i n t  and t r a n s f e r  f u n c t i o n  s y n t h e s i s  using uniform 
RC l i n e s  as elements of lumped networks is developed. Use is 
made of t h e  t r ans fo rma t ion  P c o & E .  
10 
PARKIN, R. E. "Approximations t o  t h e  Equations Descr ibing D i s t r i b u t e d  RC Networks ,I' 
IEEE Trans.  on C i r c u i t  Theory, vol .  CT-12, pp. 598-600, Dec. 1965. 
A u s e f u l  method t o  approximate t h e  equa t ions  a s s o c i a t e d  
wi th  t h e  exponen t i a l ly  t ape red  l i n e  is  i l l u s t r a t e d .  
PENBECI, S. S2 S.  C. - Lee. "A General Approximation Syn thes i s  Method Using Uni- 
form RC and RCG Lines,'' Proc.  of F i f t h  Annual A l l e r t o n  Conf., pp. 279-287, 
Q c t .  I%?. 
t ances  by us ing  uniform 5 
is  i n v e s t i g a t e d .  
Syn thes i s  of i r r a t i o n a l  d r i v i n g  p o i n t  and t r a n s f e r  immit- -
and RCG networks as c i r c u i t  elements 
PROTONOTARIOS, E.  N . ,  0. Wing. 
t r a r y  RC Transmission Lines ,"  Proc. of Third Annual A l l e r t o n  Conf., pp. 162- 
171, Oct. 1965. 
" D i s t r i b u t i o n  of Zeros of ABCD Parameters of Arbi- 
Behavior of t h e  zeros  of the t r ansmiss ion  parameters of t h e  
l i n e  is  s t u d i e d .  
f o u r  p rope r ly  formulated S t u m - L i o u v i l l e  problems. 
The zeros  are r e l a t e d  t o  t h e  eigenvalues  of 
PROTONOTARIOS, E. N. ,  0. Wing. "Theory of Non-Uniform RC Lines P a r t  I: Ana ly t i c  
P r o p e r t i e s  and R e a l i z a b i l i t y  Conditions i n  t h e  Frequency Domain," IEEE 
Trans.  on C i r c u i t  Theory, vol. (3-14, pp. 2-12, Mar. 1967. 
An i n t r i n s i c  d e s c r i p t i o n  of t h e  frequency domain response 
of a non-uniform RC l i n e  is presented.  The network f u n c t i o n s  
are expressed as r a t i o s  of e n t i r e  func t ions .  Ana ly t i c  proper- 
ties of t h e s e  e n t i r e  func t ions  are s t u d i e d .  T h e i r  o r d e r ,  type,  
genus, and t h e i r  asymptot ic  behavior and t h e i r  bounds on t h e  
real frequency axis are determined. Necessary and s u f f i c i e n t  
cond i t ions  are given f o r  a t r anscenden ta l  frequency f u n c t i o n  
c t o  be a network f u n c t i o n  of a non-uniform RC l i n e .  
PROTONOTARIOS, E. N. ,  0. Wing. "Theory of Non-Uniform RC Lines  P a r t  11: Analy t i c  
P r o p e r t i e s  i n  t h e  T ime  Domain," IEEE Trans.  on C i r c u i t  Theory, vo l .  (3-14, 
pp. 2-12, Mar. 1967. 
t r ansmiss ion  l i n e  i s  presented.  I t  is shown t h a t  t h e  impulse 
response is  a " t o t a l l y  p o s i t i v e "  d e n s i t y  func t ion .  The neces- 
s a r y  and s u f f i c i e n t  copd i t ion  on a t i m e  f u n c t i o n  t o  be t h e  
impulse response of a uon-uniform RC l i n e  is  obtained.  The 
g e n e r a l  p r o p e r t i e s ,  i nc lud ing  the bounds on t h e  impulse res- 
ponse and i t a  asymptot ic  behavior ,  are given. 
I 
The time-domain behavior  of t h e  g e n e r a l  non-uniform RC 
PROTONOTARIOS, E. N .  , 0. Wing. "Delay and Rise T i m e  of A r b i t r a r i l y  Tapered RC- 
Transmission Lines," IEEE I n t e r n a t i o n a l  Convention Record, P a r t  7,  pp. 1-6, 
Mar. 1965. 
The t r ansmiss ion  parameters of an a r b i t r a r i l y  t ape red  
line are expressed as i n f i n i t e  series. The delay and rise 
time of the  network are given i n  terms of t h e s e  parameters.  
Examples are included.  
pROTONOTARIOS, E .  K., 0. Wing. "Computation of t h e  S tep  Response of a General 
Non-Unif orm RC D i s t r i b u t e d  Network, " IEEE Trans.  on C i r c u i t  Theory, 
v o l .  CT-14, pp. 219-221, June 1967. 
"Method of Momentsf1 of Chebyshev is p resen ted .  
A method of c a l c u l a t i o n  of s t e p  response based on the  
RAMACIMDRAN, V. "Network Representat ion o f  Exponent ia l  Transmission Lines  ," 
IRE Trans. on C i r c u i t  Theory, vo l .  (3.-9, pp. 136-143, June 1962. 
by networks comprised of lumped elements is given. 
A r e p r e s e n t a t i o n  of t h e  exponen t i a l  t r ansmiss ion  l i n e  
RAMACHASDRAN, V. , K. K.  Nair. "Equivalent C i r c u i t s  of an Exponential  Transmission 
Line," IRE Trans.  on C i r c u i t  T h e o 2 ,  v o l .  CT-7, pp. 71-74, Mar. 1960. 
The e x p o n e n t i a l  l i n e  is  d iv ided  i n t o  a number of s e c t i o n s ,  
and t h e  exact t r ansmiss ion  parameters f o r  a small s e c t i o n  are 
de r ived ,  t h e  t ransmission matrices of t h e  s e c t i o n s  are multi-  
p l i e d  t o  f i n d  t h e  t ransmission matrix of t h e  l i n e .  
RAO, T. N . ,  R. W. Newcomb. "Synthesis of Lumped-Distributed RC N-Ports," IEEE -
Trans. on C i r c u i t  Theory, vo l ,  CT-13, pp. 458-459, Dec. 1966. 
A method of s y n t h e s i s  is presen ted  which u t i l i z e s  lumped 
elements t e g e t h e r  with uniform RC networks. 
RHODES, J .  D. "Transfer  Function R e a l i z a b i l i t y  of Grounded URC Networks ," IEEE 
Trans.  on, C i r c u i t  Theory, vo l .  CT-14, pp. 219-239, June 1967. 
of a s h o r t  circuit  transfer admittance by means of a grounded 
uniform RC d i s t r i b u t e d  network are p resen ted .  
used i n  t e s t i n g  f o r  r e a l i z a b i l i t y  and s y n t h e s i s  is demonstrated 
by a n o n t r i v a l  worked example. 
Necessary and s u f f i c i e n t  cond i t ions  f o r  t h e  r e a l i z a t i o n  
The procedure 
c 
RHODES, J. D. "Cascade of Simple Commensurate Uniformly D i s t r i b u t e d  RC Four-Port 
Unit  Elements," E l e c t r o n i c s  L e t t e r s ,  vo l .  1, pp. 281-282, Dec. 1965. 
d i s t r i b u t e d  element is  presented. Wyndrm's (1963) hyper- 
b o l i c  complex frequency t r ans fo rmiza t ion  is used. 
The four-port  t ransmission matrix f o r  a cons t an t  CRC 
ROBRLR, R. A.,  J .  A. Resh, R. A. Hoyt. 
Class of I n t e g r a t e d  C i r c u i t s  ,I1 
Part 7, pp. 100-112, Mar. 1965. 
i n  both t i m e  and frequency domain is i n v e s t i g a t e d .  
culus of v a r i a t i o n  is employed. 
"DiBtributed Network Syn thes i s  f o r  a 
IEEE I n t e r n a t i o n a l  Convention Record, 
D i s t r i b u t e d  network s y n t h e s i s  using network op t imiza t ion  
The cal- 
SCANLAN, J. 0.. J. D. Rhodes. " R e a l i z a b i l i t y  and Syn thes i s  of a R e s t r i c t e d  Class 
of D i s t r i b u t e d  RC Networks ,I1 IEEE Trans.  on- C i r c u i t  Theory, vo l .  CT-12, 
pp. 577-585, Dec. 1965. ._ 
Syn thes i s  u s i n  uniform RC l i n e s  is  presented.  The trans- 
formation s+tan.h sg R C s  is employed. A cascade connection of uni- 
form RC networks is used. 
12 
SCAGLAN, J. O . ,  J .  D. Rhodes. "Frequency Respcnse of C i s t r i b u t e d  RC Networks," 
E l e c t r o n i c s  Letters, v o l .  1, pp. 267-268, Nov. 1965. 
by using t h e  t ransformation t = tanh(RCs) 
Frequency response of d i s t r i b u t e d  l i f79 i s  i n v e s t i g a t e d  . 
SCOTT, A. C. "The D i s t r i b u t e d  Tunnel Diode O s c i l l a t o r , "  IEEE Trans. on C i r c u i t  
Theory, vol. CT-10, pp. 53-59, ?lar. 1963. 
11112 tiiiifisl diodz oscillator i r r  which t h e  n e g a t i v e  conduc- 
tance i s  d i s t r i b u t e d  along a q u a r t e r  wave t r ansmiss ion  l i n e  is 
analyzed. 
..l 
SHENOI , B. A. "Frequency Characteristics cf  a Dccble-Kelvin Transmission Line 
Network," Proc. of a i i r d  Annual A l l e r t o n  Conf., pp. 151-161, Oct. 1965. 
A bandpass f i l t e r  c h a r a c t e r i s t i c  is ob ta ined  by connecting 
a f o u r  l a y e r  RC d i s t r i b u t e d  network i n  t h e  feedback p a t h  of a 
high g a i n  a m p l i f i e r .  
STEENART, W .  J .  D. "The Simulat ion of Coaxial  Cable by a D i s t r i b u t e d  RC Hamo- 
geneous Transmission Line and t h e  Approximate R e a l i z a t i o n  of i t s  Z 
IEEE Trans. on C i r c u i t  Theory, vol. CT-11, pp. 502-504, Dec. 1964. 
i n  t ransmission l i n e  design is i l l u s t r a t e d .  
0' 
An i n t e r e s t i n g  a p p l i c a t i o n  of RC d i s t r i b u t e d  networks 
SU, K. L. "Some Exactly So lvab le  Non-Uniform RC Lines ,"  IEEE Trans.  on C i r c u i t  
Theory, vol .  CT-12, pp. 141-142, Mar. 1965. 
d i f f e r e n t i a l  equa t ions  are b r i e f l y  presented.  
Add i t iona l  types of l i n e s  which have e x a c t l y  s o l v a b l e  
- 
SU, K. L. "Hyperbolic RC Transmission Lines," E l e c t r o n i c s  Letters, v o l .  1, 
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